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The increasing demand for electricity in Nigeria has led to the building of several power stations all over the nation, especially gas driven power plants. The gas turbine power plants in Nigeria are sited in locations where the standard ambient air temperature condition of 15 0 C specified by the International Organization for Standardization (ISO) for rating them rarely occurs. The ambient air temperatures occurring in these locations which predominantly exceed 15 0 C cause a lower thermal performance of the power plants. The gas turbine or combustion turbine power plants were primarily preferred to other thermal plants because of their low capital cost, short installation period and abundant availability of natural gas [1] . Among the gas power plants is the Omotosho power plant, located in Ondo state. It has eight similar gas turbine units (GT-I to GT-VIII) with individual installed capacity of 42.1MW. The modeling techniques used are based on thermodynamic and aerodynamic correlations. This base design will make up for about 60 -70% of the finished design [2] . In this first stage of designing a new compressor, designs that would not work or have poor efficiency can be improved, therefore, creating a base design for an existing compressor, such as in GT-II. This will help the Nigerian engineer understand the compressor better, with a view to manufacturing a compressor or even the entire gas turbine in the country as enunciated in [3] . The performance of a gas turbine plant is a function of how well the three major components (compressor, combustion chamber and turbine) are designed.
Creating a good and simple compressor base design will go a long way in improving the performance and efficiency of the gas turbine. This work is aimed at providing a simple but reliable method of carrying out a preliminary design of an axial flow compressor. The objective is to open up the otherwise shut doors to the design parameters of an axial flow compressor and to encourage the Nigerian engineer, especially those in the field of thermal power, to attempt the detailed design and modeling of an axial flow compressor. Dixon [4] and Saravanamutto et al. [5] have thoroughly treated the fundamentals and theory of axial flow compressors which are considered in this paper. Many researchers have conducted various works on the design of axial flow compressors [6] [7] [8] [9] [10] [11] [12] [13] in some applications, making the machine rather lengthy. The rotor blades are fixed to the rotor drum and the stator blades to the casing. The inlet guide vanes are not regarded as part of the first compressor stage and are treated separately [4, 5] . All the power is absorbed in the rotor and the stator transforms the kinetic energy which has been absorbed by the rotor into an increase in static pressure. The stagnation temperature remains constant throughout the stator, since there is no work fed into the fluid. Figure 1a shows a sketch of a typical compressor stage with R indicating the rotor row and S the stator row. Figure 1b is the T-s diagram for the stage. Figure 2 illustrates the cascade geometry. Tables 1 and 2 show the input parameters used to carry out the preliminary design calculations for the axial flow compressor. Figure 3 is a flow chart illustrating the calculation procedure 3.1
Step I: Inlet Geometry 1
Step I: Inlet Geometry
To be able to determine the inlet geometry, the inlet flow velocity, Ca, must be known. Since this velocity is unknown, an iterative process must be used. By assuming the value of Ca, and using (1) to (9), a new inlet flow velocity can be calculated. This value is then compared with assumed value and the calculation is repeated until convergence is obtained. The calculation procedure is illustrated in Figure 4 .
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2.3. With respect to Figure 1a , Figure 5 shows the velocity diagrams for flow entering and leaving the rotor. With the inlet geometry estimated, it is instructive now to estimate the annulus dimensions at exit from the compressor, and for these preliminary calculations it will be assumed that the mean radius is kept constant for all stages. Step I calculation procedure Figure 5 : Velocity diagrams for flow at rotor inlet and exit The compressor delivery pressure, p0exit = po1x rp (10) To estimate the compressor exit temperature, a polytropic efficiency of 0.9 is assumed for the compressor [5] . Thus:
The static temperature (P RSTU ), pressure (X RSTU ) and density (e RSTU ) at exit can readily be calculated using (2) , (3) and (4) respectively. The exit annulus area (Aexit) is given by (13) ;
The mean radius (rm) is given by (14) 2 t r m r r r + = (14) The blade height at exit, (Hexit) is computed using (15) f RSTU = g hijk Ylm n (15) The radii at exit from the last section are calculated using (16) and (17) .
The overall stagnation temperature rise through the compressor is calculated using (18) . ∆T0 = T0exit -T01 (18) The average stage temperature rise ∆T0s is calculated using (19).
In (19), N is the number of stages
The parameters calculated using (10) to (19) are presented in Table 3 . 
Equation (21) which is stated in [5] is used to calculate the change in swirl velocity ΔCϴ.
Equations (22) to (28) can be obtained by analyzing Figure 5 trigonometrically. 
Equation (31) which is stated in [5] can be used to calculate the stagnation pressure of air at end of the first stage of compression p03. 
where, ηs is the stage isentropic efficiency.
The temperature of the air at the end of the first stage of compression T03 is given by (32). 
The relationship between the pressure rise coefficient κ and de Haller number, dH , which is derived in [3] is given by (35).
( )
The relationship between the pitch chord ratio , s/c, to κ which stated in [14] is given by (36).
The diffusion factor DF, which is stated in [2] is given by (37). Figure 5 .
The relationship between the stagnation enthalpy h01, h02 and h03 and stagnation temperature T02 and T01 is given by (39).
( )
The relationship between static and stagnation parameters of the flow are as follows: For enthalpy,
For pressure,
The parameters computed using (20) to (41) are presented in Table 4 Step IV Computation of Air Angles from Root to
Step IV Computation of Air Angles from Root to
Step IV Computation of Air Angles from Root to Tip Tip Tip Tip
The air angles are computed using a free vortex design method [5] . Considering the first stage the blade speeds at the tip and root, U1t and U1r are computed using (20).
For a free vortex design, C r θ = constant is stated in [5] . Thus The angles β1t and β1r can be computed using (24). The stagnation temperature and pressure at exit from the first stage, which were computed to be 306.15 K and 1.189bar respectively, can be seen in Table 4 . The stator exit parameters C3, T3, p3, ρ3, A3, H3, r3t and r3r which can be seen in Table 5 where computed using (1) ,(2),(3),(4), (13) , (15) , (16) and (17) respectively. With negligible error it can be assumed that the radii at exit from rotor blades are the mean of those at rotor inlet and stator exit [5] . The parameters computed in Step IV are shown in The stator inlet, rotor exit and deflection angles calculated using (24), (25) and (26) are shown in Table 6 . The degree of reaction (⋀) as stated in [5] is given by (45).
where the radius ratio, Ž = m • m n and ⋀m is indicated in In designing the blade, an iteration procedure is needed to calculate the blade angles. An initial value is assumed for the blade camber angle Θ. Using this value of θ and empirical correlations taken from [2, 15] , the incidence angle і, deviation angle δ are computed. From the incidence and deviation angles, a new value of Θ is calculated and compared with the assumed value. This is then repeated until convergence is obtained. The next thing is to determine the chord length which depends on the pitch, which itself is clearly dependent on the number of blades, N, in the row. When making a choice for this number, the aspect ratio of the blade has to be considered because of its effect on secondary losses. The chord length is given by: Tables 7 to 11 and Figure 6 . The static and stagnation properties of the air at various stages of the compressor, which were calculated using the computer program that was written based on the formulated algorithm are shown in Tables 7 and 8 respectively. Figure 6 : Variation of degrees of reaction ratios Table 7 indicates the values of the static properties as the flow progresses from stage 1 to stage 17 of the axial flow compressor. The values of the static pressure (p), enthalpy (h) and density (ρ) of the air increase gradually across the compressor stages. These rises in static pressure and enthalpy are the result of the transfer and transformation of kinetic energy. The static property rises are as expected in the behavior of a compressor cascade as the rotor and stator blades are designed to diffuse the working fluid (air). Table 8 indicates the stagnation properties of the air across the entire compressor stages. The stagnation pressures in the rotor (po2) and stator (po3) blades as well as the stagnation temperature (T02 or T03) increase across the length of the compressor cascade. This indicates that there is work done by the compressor on the working fluid. Table 9 indicates the values of the air angles α1, α2, β1 and β2 at the tip, mean and root of the rotor radii for the entire stages 1to 17 of axial flow compressor. Table 10 shows the values of de Haller number, static pressure rise coefficient (κ) and rotor diffusion factor for flow through the compressor. The de Haller LGORITHM FOR THE LGORITHM FOR THE
LGORITHM [16, 17] . An examination of Figure 10 shows a sharp increase in the value of κ occurs in both the stator and rotor between stages 1 and 2. This sharp increase will result in higher losses and surge in these stages. However, the losses in all other stages in the Korch surge curve are conservative and this agrees closely with the work of [2] . The diffusion factors for the rotor in the various stages are lower than 0.6. Designs of axial flow compressors are usually limited to diffusion factors less than or equal to 0.6 [18] ). Figure 6 shows the degree of reaction (˄) at the root, mean and tip of the rotor radii for entire length of the compressor cascade. The degree of reaction at the root and tip converges towards the ˄m value of 0.55 at the mean radius as it moves from stage 1 to 17. While the tip degree of reaction reduces across the stages, the root degree of reaction increases. The convergence towards 0.55 of the tip and root degrees of reaction indicates a more uniform load distribution across the compressor cascade. Table 11 shows various parameters obtained from the blade design calculations. The number of blades (N), pitch (s), chord length (c), aspect ratio (AR) for both rotor and stator are indicated for all stages of the axial flow compressor. The blade camber angle (θ) for each stage is also shown. 
